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Abstract 
Monitoring and adjusting financial health problems play central role in the firm’s performance. 
Usually, small firms face difficulties in these tasks for lacking human resources and incapacity 
to afford a consultant. By analyzing the nature of the diagnosis and the solution of financial 
problems one can identify two different reasoning: during the diagnosis phase, the process is 
basically intuitive due to complex relations between financial ratios and problems; in the 
solution phase, the analyst follows a deductive approach searching for the causes and 
adjustments to the identified problem. Based on these aspects and on the motivation of 
providing a computational system to aid small firms, we built a Hybrid Intelligent System to 
diagnose (through Neural Network) and indicate solutions (through Expert System) to financial 
problems. In this paper we discuss the nature of the problems and present the system. 
Keywords: Hybrid Systems, Neural Network, Expert System, Financial Ratio, Financial Analysis. 
Introduction 
The overall performance of a firm depends on the balance between liquidity and profitability. 
Monitoring financial problems must be a continuous task. Even a very profitable firm can hide 
factors that undermine its insolvency. The monitoring task identifies factors that deviate from the 
trend in time for making adjustments.  
Usually a firm has two alternatives when monitoring and solving problematic activities: do it by 
itself or hire a consultant. The first choice requires human resources. Hiring a consultant can be a 
solution only if the firm can afford it. Generally both choices can be a problem to small 
companies. Besides, even when one of these alternatives is available, the solution may be 
arrived only after a slow process rendering it to be useless.  
One approach for this problem is the development of intelligent systems that not only analyze 
financial problems but also suggest solutions. The aggregation of both tasks involves deductive 
and intuitive reasoning which justifies the use of more than one Artificial Intelligence 
technologies, that is, a hybrid system. One type of integration involves Expert Systems and 
Neural Networks. The aim is achieve improvements in the implementation of each and increase 
the scope of application [11].  
These hybrid systems have been applied in areas such as architecture, nuclear power plant, and 
medical diagnosis ([9] and [10]). In finance, however, few works have been developed. An 
example is Barker’s paper [1] where an expert system and a neural network were combined to 
analyze the chances of a company getting a loan based on its financial ratios. More recently, 
Yoon, Guimaraes and Swales [17] developed a hybrid system that forecasts performances of 
stock prices. 
Here we present a hybrid intelligent system which diagnoses and indicates solutions to financial 
problems of small firms. The system integrates a Neural Network (during the diagnostic phase) 
and an Expert System (during the solution phase). In this paper we detail each module and 
present an example illustrating how the integration works. 
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 Diagnosing the Problem Through Neuronal Network 
A financial problem of a firm can be classified either as a matter of profitability or liquidity. A 
Profitability problem indicates insufficient earnings to sales. A Liquidity problem indicates inability 
to meet the obligations when they are due. This arises due to lack of coverage or improper 
activity. Thus, liquidity problems can be classified even further in these two categories. A firm with 
Coverage problems faces difficulty to generate enough cash to meet its fixed obligations [14]. An 
Activity problem means a low turnover of assets. The classification of one or more financial 
problems is the output of the neural network module. The input is financial ratios which support 
the diagnosis. 
The chosen indicators offset some shortcomings of classical financial ratios (as the inability of 
truly measuring resource flows [5]). Horne, Dipchand, and Hanrahan [8] emphasize that no ratio 
alone can realistically assess the financial condition and performance of a firm, but a group of 
them can be useful on this task. However, the usefulness of the ratios depends on how the 
financial analyst perceives their values and relations. The authors also remind the importance of 
the trend analysis of the firm.  
The relation between the indicators and the financial problems depends on the size of the firm, 
the economic segment, seasonal sales, and business cycle (e.g., [13], [6]). Depending on these 
factors, similar ratios can indicate different financial problems. For instance, the analyst can 
consider same ratios with different weights when analyzing distinct economic activities. Besides, 
although a ratio was related to one category of problem, it can also affect other categories. For 
example, when the activity ratio Net WC/sales is high it might be an indication of low profitability 
too.  
These are some of the reasons that justify the use of a neural network in the diagnostic phase. It 
is difficult to establish the direct causal relationship for financial problems. Even if possible the 
relationship would be too specific and would need to be updated according to the business being 
analyzed. Updating and learning with indirect relationships are typical advantages of neural 
networks. Furthermore, the past values of the adjustment ratio influences the future performance 
of the firm [3]. Predicting future events based on past data is another task appropriate to neural 
networks. Particularly in finance, neural networks have performed better than traditional 
techniques. They have been applied in areas such as bankruptcy forecast [16], prediction of loan 
chances  [4], and analysis of investments [2]. 
small firms and grocery retail
Financial Ratio Classif. Firm 1 Firm 2 Firm 3 Firm 4 Firm 5 Firm 6
Net WC / Sales A1 0.33 0.308 0.168 0.297 0.129 0.036
CCC (days) A2 27.68 95 60.58 27.04 31.41 19.69
Sustainable Growth (%) A3 11.93 5.77 8.87 1.86 0.53 5.16
Sales / Total Assets A4 1.43 3.5 0.8 1.1 1.6 1.3
CCC trend A5 stable stable increasing increasing decreasing decreasing
T / Working Investment C1 0.09 -0.37 -0.16 0.039 0.051 -0.59
EBIT / Interest Charges C3 21.70 1.79 9.9 1.1 1.4 4.1
Fixed Coverage C4 1.07 0.64 1.05 1.07 1 1.02
EBIT / Interest Charges trend C5 increasing decreasing increasing stable increasing stable
Net Income / Sales P1 0.06 0.06 0.09 0.006 0.003 0.036
EBIT / Total Assets P2 0.22 0.22 0.114 0.077 0.023 0.091
Net Income / Sales trend P3 stable decreasing stable decreasing stable stable
Problem Classification No prob. Cov. & Activ. Activity Coverage Profit. & Cov. Coverage
Ai - Activity Index i  Ci - Coverage Index i Pi - Profitability Index i CCC - Cash Conversion Cycle
T = Cash + Marketable Securities - Short Term Debt EBIT = Earnings Before Interests and Taxes
 
Table 1: Financial Ratios Used by the Neural Network and Examples of Classifications 
The ratios in Table 1 describe six small firms of the same economic sector. Their values were 
calculated and related to financial problems diagnosed by an analyst. The neural network was 
trained by a set of samples similar to those shown in Table 1. After being trained it is capable of 
indicating a potential financial problem based on the ratios of the firm being analyzed. The output 
consist of Activity, Coverage or Profitability indicators. 
Indicating a Solution Through an Expert System 
 After identifying the type of financial problem the analyst has more specific causes to seek for. 
Table 2 presents some examples of factors checked by the analyst. The solution process starts 
with checking all potential causes associated to the diagnosis. Each one is compared to standard 
patterns of the business environment of the firm (economic sector, size, etc.). Whenever a 
deviation is found, the analyst inspects related factors and recommends appropriate actions. For 
instance, when the problem is activity and the accounts receivable turnover is low, the analyst 
checks the credit granting policy and evaluates the possibility of adjusting it.  
From the process described before, one concludes that solving a financial problem, once its type 
is known, is basically a task of tracking causes and indicating adjustments. This task is 
essentially detuctive in a sense that it is accomplished by comparing facts with associated 
patterns. Other important aspect of the problem is the need of justifying the suggestions. The 
analyst not only recommends but also justifies his/her advice based on the causes identified in 
the reasoning process. Deductive reasoning and justification of the answers are the main 
reasons for using expert systems in the solution phase. Besides suggest solutions, the system 
has to explain their foundations in a plausible way to the user. Expert systems have become 
popular partially for their ability of performing these tasks [7]. 
The expert system first analyzes the neural network output, that is the kind of problem(s) to be 
solved. The rules in the expert system are classified according to the financial problem. Hence, 
the first antecedent of each rule is the problem category. The other parts are comparisons 
between standard values and the financial indicators of the firm. This information is available in a 
database which the expert system consults. After the inference process, the expert system 
presents its suggestions to the user. Figure 1 illustrates this process. 
An example of the reasoning process is shown in Table 3. The system analyzed firm 2 with 
financial ratios presented in Table 1. The first rule checks activity and coverage. If the indicators 
point a problem, the rule verifies the gross margin to guarantee the effectiveness of the 
restructure in the firm’s liquidity (by changing the debt terms). The second rule is related to the 
activity problem of cash conversion cycle. The rule verifies one potential cause of this problem 
(i.e., inventory turnover). Once it is verified, the rule assures the implementation of the inventory 
reduction (through sufficient sales). The third rule checks a coverage and activity problem. About 
coverage, the rule tells whether the resources being generated by the operations are enough to 
face the firm’s debts. At the same time, the firm has a financial risk since there is too much debt 
compared to the firm’s own capital. Then, the rule checks if the cause of the coverage problem is 
Table 2: Causes to be checked according to the financial problems. 
Kind of the Problem Some Potential Causes 
Activity purchases, production process, credit granting , sales, credit terms, 
fixed assets, seasonal sales, accounts receivable turnover, etc.  
Coverage maturity, financial risk, lease payments, interest charges, long term 
investments, working capital, etc. 
Profitability operational costs, pricing, opportunity costs, administrative expenses, 
market share, etc. 
Activity and Coverage purchases, short term debt, fixed asset financing, etc. 
Activity and Profitability days sales outstanding, indirect costs, inventory turnover, etc. 
Coverage and Profitability short term debt, gross margin, operating expenses, debt structure, etc. 
Activity, Coverage and Profitability current assets turnover, interest charges, gross margin, etc. 
an actual growth overlapping the sustainable one. In this case, the firm is financing its growth 
with an excessive debt. 
 
IF  
Activity AND Coverage  
AND CCC is greater than 
STD-CCC  
AND [(CCC trend is 
stable) OR (CCC trend is 
increasing)] 
AND Short term debt/Total 
debt is greater than  
STD-STDTD  
AND Gross margin is 
greater than STD-GM 
IF  
Activity  
AND CCC is greater than 
STD-CCC  
AND Inventory 
Conversion Period is 
greater than 
0.7*(operating cycle)  
AND [(Sales trend is 
increasing) OR (Sales 
trend is stable)] 
IF 
Activity AND Coverage  
AND EBIT/Interest Charges 
is less than STD-EBITIC  
AND [(EBIT/Interest 
Charges trend is stable) 
OR (EBIT/Interest Charges 
trend is increasing)] 
AND Debt/Worth is greater 
than STD-DW AND 
Sustainable growth/Actual 
growth is less than STD-
SGAG 
THEN Restructure Debt 
Terms 
THEN reduce inventories THEN reduce growth 
STD means standard 
 
Conclusions 
The implementation of hybrid systems is a current trend in artificial intelligence ([7], [12], [11], 
[18]). Applications in Finance are among the fields where these systems can be successfully 
applied. The system described here exemplifies the power of hybrid systems in financial 
problems. 
The hybrid intelligent system developed here is able to diagnose and indicate solutions to 
financial health problems. We investigated the reasons for using a neural network to diagnose 
and an expert system to recommend adjustments. The approach is useful for small firms, where 
financial experts are usually not available. 
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Figure 1: The Architecture of the System. (a) the user enters the data needed to determine the financial ratios, 
(b) the financial ratios are passed to the neural network module which diagnoses the problem, (c) this information 
is sent to the database, (d) the expert system consults the database to know the problem and financial indexes, 
(e) after the inference, the suggestions are presented to the user. 
The system is still a prototype. The samples used to train the neural network were generated by 
a financial expert. They are based on a small firm related to the grocery retail business. The rules 
of the expert system were also elaborated based on this choice.  
As future developments, we include the behavior of the system in different economic sectors. 
Currently the system has been developed using different tools, one for the neural network, other 
for the expert system and a database with the financial indexes. We are implementing a different 
version with all parts under the same programming paradigm (object oriented programming) and 
language (C++). The aim is to facilitate the integration and description of the problem domain by 
using the object oriented paradigm [15]. 
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